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Methods and nucleic acids for the analysis of methvlation patterns within the DD3 gene. 



Prior Art 

The gene DD3, also known as PC A3, is located at 9q21-22 and its sequence is publicly avail- 
able at GenBank (Accession number AF 103907). The structure of the gene has previously 
been described (Bussemakers MJ, van Bokhoven A, Verhaegh GW, Smit FP, Karthaus HF, 
Schalken JA, Debruyne FM, Ru N, Isaacs WB. DD3: a new prostate-specific gene, highly 
overexpressed in prostate cancer. Cancer Res. 1999 Dec l;59(23):5975-9). The mRNA ex- 
pression analysis of said gene indicates a strong correlation between elevated levels of DD3 
and the occurrence of cancer. The biological activity of said gene has to date not been ascer- 
tained, it has been speculated that it may be a non coding RNA. Nevertheless, analysis of the 
expression levels of said gene has the potential to be an excellent cancer marker. 

However, mRNA analysis is not a technique that is suitable for application to a clinical and/or 
medium/high throughput laboratory setting. Its utility as a routine diagnostic tool is limited by 
the extreme instability of mRNA, and rapidly occurring expression changes following certain 
triggers (e.g. sample collection). Further, and most notably, large amount of mRNA are 
needed for the analysis (Lipshutz, R. J. et al., Nature Genetics 21:20-24,1999; Bowtell, D. D. 
L. Nature genetics suppl. 21:25-32, 1999), which often cannot be obtained from a routine bi- 
opsy. 

Furthermore, if it is confirmed that DD3 is indeed a non coding RNA, then protein and/or 
antibody assays will not be useful diagnostic tests. It follows that there exists a need for the 
further investigation into the regulation of DD3 in order to identify a useful genomic marker 
that can be utilised in a clinical and/or laboratory setting. However, to date no single nucleo- 
tide polymorphisms or other genomic mutations are known of that may be used as markers for 
the development of DNA based assays. 

It is anticipated that the development of such an assay would be of particular value in the im- 
proved detection and management of prostate cancer. Prostate cancer is a significant health 
care problem in Western countries with an incidence of 180 per 100 000 in the U.S. in 1999 
(Cancer J Clin 1999;49:8). Different screening strategies are employed to improve early de- 
tection, including determination of levels of prostate specific antigen (PSA) and digital rectal 
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examination. If a prostate carcinoma is suspected in a patient, diagnosis of cancer is con- 
firmed or excluded by the histological and cytological analysis of biopsy samples for features 
associated with malignant transformation. Particularly early stages of prostate carcinoma are 
often difficult to distinguish from benign hyperplasia of the prostate by routine histological 
examination even if an adequate biopsy is obtained (McNeal JE et al., Hum Pathol 2001, 
32:441-6). Furthermore, small or otherwise insufficient biopsy samples sometimes impede 
routine analysis. 

Currently the most informative assay for the detection of prostate carcinomas is the analysis 
of prostate specific antigen levels. However, the utility of said assay is of limited value as the 
antigens are produced as the result of a general prostate immune response. In particular, when 
a modestly abnormal PSA value (4-10 ng/ml) is encountered in the context of a negative 
digital rectal exam (DRE), only 20-30% of individuals with such findings will demonstrate 
carcinoma on biopsy (Kantoff and Talcott, 8(3) Hematoll Oncol Clinics N Amer 555 (1994)). 
Within the last decade, numerous genes have been shown to be differentially expressed be- 
tween benign hyperplastic prostate tumours and different grades of prostate cancer. However, 
no single marker has been shown to be sufficient for the distinction between the two lesions 
so far. 

5-methylcytosine is the most frequent covalent base modification in the DNA of eukaryotic 
cells. It plays a role, for example, in the regulation of the transcription, in genetic imprinting, 
and in tumorigenesis. Therefore, the identification of 5-methylcytosine as a component of 
genetic information is of considerable interest. However, 5-methylcytosine positions cannot 
be identified by sequencing since 5-methylcytosine has the same base pairing behaviour as 
cytosine. Moreover, the epigenetic information carried by 5-methylcytosine is completely lost 
during PCR amplification. 

A relatively new and currently the most frequently used method for analysing DNA for 5- 
methylcytosine is based upon the specific reaction of bisulfite with cytosine which, upon sub- 
sequent alkaline hydrolysis, is converted to uracil which corresponds to thymidine in its base 
pairing behaviour. However, 5-methylcytosine remains unmodified under these conditions. 
Consequently, the original DNA is converted in such a manner that methylcytosine, which 
originally could not be distinguished from cytosine by its hybridisation behaviour, can now be 
detected as the only remaining cytosine using "normal" molecular biological techniques, for 
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example, by amplification and hybridisation or sequencing. All of these techniques are based 
on base pairing which can now be fully exploited. In terms of sensitivity, the prior art is de- 
fined by a method which encloses the DNA to be analysed in an agarose matrix, thus pre- 
venting the diffusion and renaturation of the DNA (bisulfite only reacts with single-stranded 
DNA), and which replaces all precipitation and purification steps with fast dialysis (Olek A, 
Oswald J, Walter J. A modified and improved method for bisulfite based cytosine methylation 
analysis. Nucleic Acids Res. 1996 Dec 15;24(24):5064-6). Using this method, it is possible to 
analyse individual cells, which illustrates the potential of the method. However, currently 
only individual regions of a length of up to approximately 3000 base pairs are analysed, a 
global analysis of cells for thousands of possible methylation events is not possible. However, 
this method cannot reliably analyse very small fragments from small sample quantities either. 
These are lost through the matrix in spite of the diffusion protection. 

An overview of the further known methods of detecting 5-methylcytosine may be gathered 
from the following review article: Rein, T., DePamphilis, M. L., Zorbas, H, Nucleic Acids 
Res. 1998, 26, 2255. 

To date, barring few exceptions (e.g., Zeschnigk M, Lich C, Buiting K, Doerfler W, 
Horsthemke B. A single-tube PCR test for the diagnosis of Angelman and Prader-Willi syn- 
drome based on allelic methylation differences at the SNRPN locus. Eur J Hum Genet. 1997 
Mar-Apr;5(2):94-8) the bisulfite technique is only used in research. Always, however, short, 
specific fragments of a known gene are amplified subsequent to a bisulfite treatment and ei- 
ther completely sequenced (Olek A, Walter J. The pre-implantation ontogeny of the HI 9 
methylation imprint. Nat Genet. 1997 Nov;17(3):275-6) or individual cytosine positions are 
detected by a primer extension reaction (Gonzalgo ML, Jones PA. Rapid quantitation of 
methylation differences at specific sites using methylation-sensitive single nucleotide primer 
extension (Ms-SNuPE). Nucleic Acids Res. 1997 Jun 15;25(12):2529-31, WO 95/00669) or 
by enzymatic digestion (Xiong Z, Laird PW. COBRA: a sensitive and quantitative DNA 
methylation assay. Nucleic Acids Res. 1997 Jun 15;25(12):2532-4). In addition, detection by 
hybridisation has also been described (Olek et al., WO 99/28498). 

Further publications related to the use of the bisulfite technique for methylation detection in 
individual genes are: Grigg G, Clark S. Sequencing 5-methylcytosine residues in genomic 
DNA. Bioessays. 1994 Jun;16(6):431-6, 431; Zeschnigk M, Schmitz B, Dittrich B, Buiting K, 



WO 2004/005543 PCT7EP2003/006690 

Horsthemke B, Doerfler W. Imprinted segments in the human genome: different DNA meth- 
ylation patterns in the Prader- Willi/Angelman syndrome region as determined by the genomic 
sequencing method. Hum Mol Genet. 1997 Mar;6(3):3 87-95; Feil R, Charlton J, Bird AP, 
Walter J, Reik W. Methylation analysis on individual chromosomes: improved protocol for 
bisulfite genomic sequencing. Nucleic Acids Res. 1994 Feb 25;22(4):695-6; Martin V, 
Ribieras S, Song- Wang X, Rio MC, Dante R. Genomic sequencing indicates a correlation 
between DNA hypomethylation in the 5 ! region of the pS2 gene and its expression in human 
breast, cancer cell lines. Gene. 1995 May 19;157(l-2):261-4; WO 97/46705 and WO 
95/15373. 

An overview of the Prior Art in oligomer array manufacturing can be gathered from a special 
edition of Nature Genetics (Nature Genetics Supplement, Volume 21, January 1999), pub- 
lished in January 1999, and from the literature cited therein. 

Fluorescently labelled probes are often used for the scanning of immobilised DNA arrays. 
The simple attachment of Cy3 and Cy5 dyes to the 5 f -OH of the specific probe are particularly 
suitable for fluorescence labels. The detection of the fluorescence of the hybridised probes 
may be carried out, for example via a confocal microscope. Cy3 and Cy5 dyes, besides many 
others, are commercially available. 

Matrix Assisted Laser Desorption Ionization Mass Spectrometry (MALDI-TOF) is a very 
efficient development for the analysis of biomolecules (Karas M, Hillenkamp F. Laser de- 
sorption ionisation of proteins with molecular masses exceeding 10,000 daltons. Anal Chem. 
1988 Oct 15;60(20):2299-301). An analyte is embedded in a light-absorbing matrix. The ma- 
trix is evaporated by a short laser pulse thus transporting the analyte molecule into the vapour 
phase in an unfragmented manner. The analyte is ionised by collisions with matrix molecules. 
An applied voltage accelerates the ions into a field-free flight tube. Due to their different 
masses, the ions are accelerated at different rates. Smaller ions reach the detector sooner than 
bigger ones. 

MALDI-TOF spectrometry is excellently suited to the analysis of peptides and proteins. The 
analysis of nucleic acids is somewhat more difficult (Gut I G, Beck S. DNA and Matrix As- 
sisted Laser Desorption Ionization Mass Spectrometry. Current Innovations and Future 
Trends. 1995, 1; 147-57). The sensitivity to nucleic acids is approximately 100 times worse 
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than to peptides and decreases disproportionally with increasing fragment size. For nucleic 
acids having a multiply negatively charged backbone, the ionisation process via the matrix is 
considerably less efficient. In MALDI-TOF spectrometry, the selection of the matrix plays an 
eminently important role. For the desorption of peptides, several very efficient matrixes have 
been found which produce a very fine crystallisation. There are now several responsive ma- 
trixes for DNA, however, the difference in sensitivity has not been reduced. The difference in 
sensitivity can be reduced by chemically modifying the DNA in such a manner that it be- 
comes more similar to a peptide. Phosphorothioate nucleic acids in which the usual phos- 
phates of the backbone are substituted with thiophosphates can be converted into a charge- 
neutral DNA using simple alkylation chemistry (Gut IG, Beck S. A procedure for selective 
DNA alkylation and detection by mass spectrometry. Nucleic Acids Res. 1995 Apr 25;23(8): 
1367-73). The coupling of a charge tag to this modified DNA results in an increase in sensi- 
tivity to the same level as that found for peptides. A further advantage of charge tagging is the 
increased stability of the analysis against impurities which make the detection of unmodified 
substrates considerably more difficult. 

Aberrant DNA methylation within CpG islands is among the earliest and most common al- 
terations in human malignancies leading to abrogation or overexpression of a broad spectrum 
of genes. 



In addition, abnormal methylation has been shown to occur in CpG rich regulatory elements 
in intronic and. coding parts of genes for certain tumours. In contrast to the specific hyper- 
methylation of tumour suppresser genes, an overall hypomethylation of DNA can be observed 
in tumour cells. This decrease in global methylation can be detected early, far before the de- 
velopment of frank tumour formation. Also, correlation between hypomethylation and in- 
creased gene expression was reported for many oncogenes. In colon cancer, aberrant DNA 
methylation constitutes one of the most prominent alterations and inactivates many tumour 
suppresser genes such as pl4ARF, pl6INK4a, THBS1, MINT2, and MINT3 1 and DNA mis- 
match repair genes such as hMLHl . 



Description 

The present invention provides methods for the analysis of the methylation status of the pro- 
moter and 5 r region of the gene DD3. Furthermore, the invention discloses genomic and 
chemically modified nucleic acid sequences derived from the gene DD3, as well as oligonu- 
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cleotides and/or PNA-oligomers for analysis of cytosine methylation patterns within said 
gene. The present invention is based on the discovery that genetic and epigenetic parameters, 
in particular, the cytosine methylation patterns, of the gene DD3 are particularly suitable for 
the diagnosis and/or therapy of cell proliferative disorders. 

The present invention provides methods for the analysis of cell proliferative disorders by 
means of analysis of the methylation of CpG dinucleotide positions that were heretofore not 
associated with the development of cancer. Furthermore, the invention discloses genomic and 
chemically modified nucleic acid sequences, as well as oligonucleotides and/or PNA- 
oligomers for analysis of cytosine methylation patterns within said region. 

The objective of the invention can be achieved by analysis of the methylation state of the CpG 
dinucleotides within the genomic sequence according to Seq ID. No. 1 and sequences com- 
plementary thereto. Seq. ID No.l discloses a fragment of the promoter and 5 1 region of the 
gene DD3, wherein said region contains CpG dinucleotides exhibiting a disease specific 
methylation pattern. The methylation pattern of said fragment of the gene DD3 has heretofore 
not been analysed with regard to cell proliferative disorders. Due to the degeneracy of the 
genetic code, the sequence as identified in Seq. ID No. 1 should be interpreted so as to include 
all substantially similar and equivalent sequences upstream of the promoter region of a gene, 
which encodes a molecule with the biological activity and characteristics of DD3. 

In a preferred embodiment of the method, the objective is achieved by analysis of a chemi- 
cally modified nucleic acid containing a sequence of at least 18 bases in length according to 
one of Seq. ID No. 2 to Seq. ID No. 5 and sequences complementary thereto. Seq. ID No. 2 
through 5 provide a modified version of the nucleic acid according to Seq. ID No. 1 wherein 
the modification of said sequence results in the synthesis of a sequence that is unique and dis- 
tinct from Seq. ID No. 1. The nucleic acid molecules according to Seq. ID No. 1 to Seq. ID 
No. 5 could heretofore not be connected with the ascertainment of genetic and epigenetic pa- 
rameters relevant to the analysis of cell proliferative disorders. 

The object of the present invention can be further achieved by an oligonucleotide or oligomer 
for detecting the cytosine methylation state within pretreated DNA or genomic DNA accord- 
ing to Seq. ID No. 1 to Seq. ID No. 5. Said oligonucleotide or oligomer containing at least 
one base sequence having a length of at least 9 nucleotides which hybridises to a pretreated 
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nucleic acid sequence according to Seq. ID No. 2 to Seq. ID No. 5 and sequences comple- 
mentary thereto or to a genomic sequence comprising Seq. ID No. 1 and sequences comple- 
mentary thereto. The oligonucleotides or oligomers according to the present invention con- 
stitute important and effective tools which, for the first time, make it possible to ascertain ge- 
netic and epigenetic parameters of the novel region as disclosed by the invention. The base 
sequence of said oligomers preferably contains at least one CG, TG or CA dinucleotide. The 
probes may also exist in the form of a PNA (peptide nucleic acid) which has particularly pre- 
ferred pairing properties. Particularly preferred are oligonucleotides according to the present 
invention in which the cytosine of the CpG dinucleotide is within the middle third of the oli- 
gonucleotide, e.g. wherein the oligonucleotide is 13 bases in length the CG, TG or CA dinu- 
cleotide is positioned within the 5^ - 9^ nucleotide from the 5 '-end. 

In a particularly preferred embodiment the sequence of said oligonucleotides is taken from the 
group comprising Seq. ID No. 6 to Seq, ID No. 92. 

The oligomers according to the present invention are normally used in so called "sets" which 
contain at least one oligomer for the analysis of each of the CpG dinucleotides of a genomic 
sequence comprising Seq. ID No. 1 and sequences complementary thereto or to their corre- 
sponding CG, TG or CA dinucleotide within the pretreated nucleic acids according to Seq. ID 
No. 2 to Seq. ID No. 5 and sequences complementary thereto. Preferred is a set which con- 
tains at least one oligomer for each of the CpG dinucleotides within the gene DD3 in both the 
pretreated and genomic versions of said gene, Seq. ID No. 2 through 5 and Seq. ID No. 1 re- 
spectively. However, it is anticipated that for economic or other factors it may be preferable to 
analyse a limited selection of the CpG dinucleotides within said sequences and the contents of 
the set of oligonucleotides should be altered accordingly. Therefore, the present invention 
moreover relates to a set of at least 3 n (oligonucleotides and/or PNA-oligomers) used for 
detecting the cytosine methylation state in pretreated genomic DNA (Seq. ID No. 2 to Seq. ID 
No. 5 and sequences complementary thereto) and genomic DNA (Seq. ID No. 1 and se- 
quences complementary thereto). These probes enable diagnosis and/or therapy of genetic and 
epigenetic parameters of cell proliferative disorders. The set of oligomers may also be used 
for detecting single nucleotide polymorphisms (SNPs) in pretreated genomic DNA (Seq. ID 
No. 2 to Seq. ID No. 5, and sequences complementary thereto) and genomic DNA (Seq. ID 
No. 1, and sequences complementary thereto) . 
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Moreover, the present invention provides a set of at least two oligonucleotides which can be 
used as so-called "primer oligonucleotides" for amplifying DNA sequences of one of Seq. ID 
No. 1 to Seq. ID No. 5 and sequences complementary thereto, or segments thereof. 

In the case of the sets of oligonucleotides according to the present invention, it is preferred 
that at least one and more preferably all members of the set of oligonucleotides are bound to a 
solid phase. 

According to the present invention, it is preferred that an arrangement of different oligonu- 
cleotides and/or PNA-oligomers (a so-called "array") made available by the present invention 
is present in a manner that it is likewise bound to a solid phase. This array of different oligo- 
nucleotide- and/or PNA-oligomer sequences can be characterised in that it is arranged on the 
solid phase in the form of a rectangular or hexagonal lattice. The solid phase surface is pref- 
erably composed of silicon, glass, polystyrene, aluminium, steel, iron, copper, nickel, silver, 
or gold. However, nitrocellulose as well as plastics such as nylon which can exist in the form 
of pellets or also as resin matrices may also be used. 

Therefore, a further aspect of the present invention is a method for manufacturing an array 
fixed to a carrier material for analysis in connection with cell proliferative disorders, in which 
method at least one oligomer according to the present invention is coupled to a solid phase. 
Methods for manufacturing such arrays are known, for example, from US Patent 5,744,305 by 
means of solid-phase chemistry and photolabile protecting groups. 

A further subject matter of the present invention relates to a DNA chip for the analysis of cell 
proliferative disorders. DNA chips are known, for example, in US Patent 5,837,832. 

Moreover, a subject matter of the present invention is a kit which may be composed, for ex- 
ample, of a bisulfite-containing reagent, a set of primer oligonucleotides containing at least 
two oligonucleotides whose sequences in each case corresponds to or are complementary to 
an 18 base long segment of the base sequences specified in the appendix (Seq. ID No. 1 to 
Seq. ID No. 5 and sequences complementary thereto), oligonucleotides and/or PNA- 
oligomers as well as instructions for carrying out and evaluating the described method. How- 
ever, a kit along the lines of the present invention can also contain only part of the aforemen- 
tioned components. 
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The present invention also provides methods for ascertaining genetic and/or epigenetic pa- 
rameters of the gene DD3 within a subject by analysing cytosine methylation and single nu- 
cleotide polymorphisms. Said method comprising contacting a nucleic acid comprising one or 
more sequences from the group comprising Seq. ID No.l through Seq. ID No. 5 in a biologi- 
cal sample obtained from said subject with at least one reagent or a series of reagents, wherein 
said reagent or series of reagents, distinguishes between methylated and non methylated CpG 
dinucleotides within the target nucleic acid. 

In a preferred embodiment said method comprises the following steps: 

In the first step of the method a sample of the tissue to be analysed is obtained, this may be 
from any suitable sources such as cells or cell components, for example, cell lines, biopsies, 
blood, sputum, stool, urine, cerebrospinal fluid, tissue embedded in paraffin such as tissue 
from eyes, intestine, kidney, brain, heart, prostate, lung, colon, breast or liver, histologic ob- 
ject slides, or combinations thereof. 

In the second step of the method genomic DNA is isolated from the sample. Extraction may 
be by means that are standard to one skilled in the art, these include the use of detergent ly- 
sates, sonification and vortexing with glass beads. Once the nucleic acids have been extracted 
the genomic double stranded DNA is used in the analysis. 

In the third step of the method, the genomic DNA sample is treated in such a manner that cy- 
tosine bases which are unmethylated at the 5 '-position are converted to uracil, thymine, or 
another base which is dissimilar to cytosine in terms of hybridisation behaviour. This will be 
understood as 'pretreatment' hereinafter. 

The above described treatment of genomic DNA is preferably carried out with bisulfite (hy- 
drogen sulfite, disulfite) and subsequent alkaline hydrolysis which results in a conversion of 
non-methylated cytosine nucleobases to uracil or to another base which is dissimilar to cyto- 
sine in terms of base pairing behaviour. 

In the fourth step of the method fragments of the pretreated DNA are amplified, using sets of 
primer oligonucleotides according to the present invention, and a preferably heat-stable poly- 
merase. Because of statistical and practical considerations, preferably more than ten different 

9 



WO 2004/005543 



PCTYEP2003/006690 



fragments having a length of 100 - 2000 base pairs are amplified. The amplification of several 
DNA segments can be carried out simultaneously in one and the same reaction vessel. Usu- 
ally, the amplification is carried out by means of a polymerase chain reaction (PCR). The set 
of primer oligonucleotides includes at least two oligonucleotides whose sequences are each 
reverse complementary or identical to an at least 18 base-pair long segment of the base se- 
quences specified in the appendix (Seq. ID No. 1 to Seq. ID No. 5 and sequences comple- 
mentary thereto). 

In a further embodiment of the method, the methylation status of preselected CpG positions 
within the nucleic acids comprising Seq ID No. 2 to Seq ID No. 5 can be detected by use of 
methylation specific primer oligonucleotides. This technique has been described in U.S. Pat- 
ent 6,265,171 to Herman. The use of methylation status specific primers for the amplification 
of bisulfite treated DNA allows the differentiation between methylated and unmethylated nu- 
cleic acids. MSP primer pairs contain at least one primer which hybridises to a bisulfite 
treated CpG dinucleotide. Therefore the sequence of said, primers comprises at least one CG, 
TG or CA dinucleotide. MSP primers specific for non methylated DNA contain a T at the 3 1 
position of the C position in the CpG. According to the present invention, it is therefore pre- 
ferred that the base sequence of said primers is required to comprise a sequence having a 
length of at least 9 nucleotides which hybridises to a pretreated nucleic acid sequence ac- 
cording to Seq. ID No. 2 to Seq. ID No. 5 and sequences complementary thereto wherein the 
base sequence of said oligomers comprises at least one CG, TG or CA dinucleotide. 

The fragments obtained by means of the amplification can carry a directly or indirectly de- 
tectable label. Preferred are labels in the form of fluorescence labels, radionuclides, or detach- 
able molecule fragments having a typical mass which can be detected in a mass spectrometer. 
Wherein said labels are mass labels it is preferred that the labelled amplificates have a single 
positive or negative net charge for better detectability in the mass spectrometer. The detection 
may be carried out and visualised by means of matrix assisted laser desorption/ionization 
mass spectrometry (MALDI) or using electron spray mass spectrometry (ESI). 

In the fifth step of the method the amplificates obtained during the fourth step of the method 
are analysed in order to ascertain the methylation status of the CpG dinucleotides prior to the 
treatment. 
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Wherein the amplificates were obtained by means of MSP amplification the presence or ab- 
sence of an amplificate is in itself indicative of the methylation state of the CpG positions 
covered by the primer, according to the base sequences of said primer. 

Amplificates obtained by means of both standard and methylation specific PCR may be fur- 
ther analysed by means of hybridisation based methods such as, but not limited to, array tech- 
nology and probe based technologies as well as by means of techniques such as sequencing 
and template directed extension. 

In one embodiment of the method, the amplificates synthesised in step 4 are subsequently 
hybridised to an array or a set of oligonucleotides and/or PNA probes. In this context, the hy- 
bridisation takes place in the manner described in the following. The set of probes used during 
the hybridisation is preferably composed of at least 2 oligonucleotides or PNA-oligomers. In 
the process, the amplificates serve as probes which hybridise to oligonucleotides previously 
bonded to a solid phase. The non-hybridised fragments are subsequently removed. Said oligo- 
nucleotides contain at least one base sequence having a length of at least 9 nucleotides which 
is reverse complementary or identical to a segment of the base sequences specified in the ap- 
pendix, the segment comprises at least one CG, TG or CA dinucleotide. In a preferred em- 
bodiment said dinucleotide is present in the central third of the oligomer. For example, 
wherein the oligomer comprises one CG dinucleotide, said dinucleotide is preferably the 5 th 
to 9 th nucleotide from the 5'-end of a 13-mer. One oligonucleotide exists for the analysis of 
each CpG dinucleotide within the sequence according to Seq. ID No. 1, and the equivalent 
positions within Seq. ID No. 2 to Seq. ID No. 5. Said oligonucleotides may also be present in 
the form of peptide nucleic acids. The non-hybridised amplificates are then removed. 

In the final step of the method, the hybridised amplificates are detected. In this context, it is 
preferred that labels attached to the amplificates are identifiable at each position of the solid 
phase at which an oligonucleotide sequence is located. 

In a further embodiment of the method, the methylation status of the CpG positions (prior to 
treatment) may be ascertained by means of oligonucleotide probes that are hybridised to the 
bisulfite treated DNA concurrently with the PCR amplification primers (wherein said primers 
may either be methylation specific or standard). 
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A particularly preferred embodiment of this method is the use of fluorescence-based Real 
Time Quantitative PCR (Heid et al., Genome Res. 6:986-994, 1996) employing a dual- 
labelled fluorescent oligonucleotide probe (TaqMan™ PCR, using an ABI Prism 7700 Se- 
quence Detection System, Perkin Elmer Applied Biosystems, Foster City, California). The 
TaqMan™ PCR reaction employs the use of a nonextendible interrogating oligonucleotide, 
called a TaqMan™ probe, which is designed to hybridise to a GpC-rich sequence located 
between the forward and reverse amplification primers. The TaqMan™ probe further com- 
prises a fluorescent "reporter moiety" and a "quencher moiety" covalently bound to linker 
moieties (e.g., phosphoramidites) attached to the nucleotides of the TaqMan™ oligonucleo- 
tide. For analysis of methylation within nucleic acids subsequent to bisulfite treatment it is 
required that the probe be methylation specific, as described in U.S. 6,331,393, (hereby incor- 
porated by reference) also known as the Methyl Light assay. Variations on the TaqMan™ 
detection methodology that are also suitable for use with the described invention include the 
use of dual probe technology (Lightcycler™) or fluorescent amplification primers (Sunrise™ 
technology). Both these techniques may be adapted in a manner suitable for use with bisulfite 
treated DNA, and moreover for methylation analysis within CpG dinucleotides. 

A further suitable method for the use of probe oligonucleotides for the assessment of meth- 
ylation by analysis of bisulfite treated nucleic acids is the use of blocker oligonucleotides 
(also known as the 'Heavy Methyl' assay). The use of such oligonucleotides has been de- 
scribed in BioTechniques 23(4), 1997, 714-720 D. Yu 5 M.Mukai, Q. Liu, C. Steinman. 
Blocking probe oligonucleotides are hybridised to the bisulfite treated nucleic acid concur- 
rently with the PCR primers. PCR amplification of the nucleic acid is terminated at the 5' po- 
sition of the blocking probe, thereby amplification of a nucleic acid is suppressed wherein the 
complementary sequence to the blocking probe is present. The probes may be designed to 
hybridise to the bisulfite treated nucleic acid in a methylation status specific manner. For ex- 
ample, for detection of methylated nucleic acids within a population of unmethylated nucleic 
acids suppression of the amplification of nucleic acids which are unmethylated at the position 
in question would be carried out by the use of blocking probes comprising a 'CG' at the posi- 
tion in question, as opposed to a 'CA'. 

In a further preferred embodiment of the method the fifth step of the method is carried out by 
the use of template directed oligonucleotide extension, such as MsSNuPE as described by 
Gonzalgo and Jones (Nucleic Acids Res. 25:2529-253 1). 
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In a further embodiment of the method the fifth step of the method is enabled by sequencing 
and subsequent sequence analysis of the amplificate generated in the third step of the method 
(Sanger F., et aL, 1977 PNAS USA 74: 5463-5467). 

A further embodiment of the method according to the invention is a method for the analysis of 
the methylation status of genomic DNA according to the invention (SEQ ID No. 1) without 
the need for pretreatment. 

In the first step of the method the genomic DNA sample must be isolated from tissue or cel- 
lular sources. Such sources may include cell lines, histological slides, body fluids, or tissue 
embedded in paraffin. Extraction may be by means that are standard to one skilled in the art, 
these include the use of detergent lysates, sonification and vortexing with glass beads. Once 
the nucleic acids have been extracted the genomic double stranded DNA is used in the analy- 
sis. In a preferred embodiment the DNA may be cleaved prior to the treatment, this may be 
any means standard in the state of the art, in particular with restriction endonucleases. 

In the second step, the DNA is then digested with one or more methylation sensitive restric- 
tion enzymes. The digestion is carried out such that hydrolysis of the DNA at the restriction 
site is informative of the methylation status of a specific CpG dinucleotide. 

In the third step, which is optional but a preferred embodiment, the restriction fragments are 
amplified. This is preferably carried out using a polymerase chain reaction. 

In the final step, the amplificates are detected. The detection may be by any means standard in 
the art, for example, but not limited to, gel electrophoresis analysis, hybridisation analysis, 
incorporation of detectable tags within the PCR products, DNA array analysis, MALDI or 
ESI analysis. Suitable labels for use in the detection of the digested nucleic acid fragments 
include fluorophore labels, radionuclides and mass labels as described above. 

The oligomers according to the present invention or arrays thereof as well as a kit according 
to the present invention are intended to be used for the diagnosis and/or therapy of cell prolif- 
erative disorders. According to the present invention, the method is preferably used for the 
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diagnosis and/or therapy of cell proliferative disorders by analysis of important genetic and/or 
epigenetic parameters within the disclosed 5' and promoter region of the gene DD3. 

The methods according to the present invention are used, for example, for the diagnosis 
and/or therapy of cell proliferative disorders. 

The nucleic acids according to the present invention Seq. ID No. 1 to Seq. ID No. 5 and se- 
quences complementary thereto can be used for the diagnosis and/or therapy of genetic and/or 
epigenetic parameters associated with the gene DD3. 

The present invention moreover relates to a method for manufacturing a diagnostic agent 
and/or therapeutic agent for the diagnosis and/or therapy of diseases associated with the gene 
DD3 by analysing methylation patterns of said gene, the diagnostic agent and/or therapeutic 
agent being characterised in that at least one nucleic acid according to the present invention is 
used for manufacturing it, possibly together with suitable additives and auxiliary agents. 

A further subject matter of the present invention relates to a diagnostic agent and/or therapeu- 
tic agent for diseases associated with the gene DD3 by analysing methylation patterns of said 
gene, the diagnostic agent and/or therapeutic agent containing at least one nucleic acid ac- 
cording to the present invention, possibly together with suitable additives and auxiliary 
agents. 

An accordingly preferred embodiment of the described methods for the analysis of methyla- 
tion within the genomic and treated nucleic acids disclosed in Seq ID NO. 1 to Seq. ID No, 5 
is the application of said methods in a clinical setting. One aspect of the present invention is 
the use of the disclosed methods and nucleic acids for the improved detection and manage- 
ment of prostate tumours. Therefore, in a preferred embodiment of the method analysis of 
patient methylation patterns is carried out in combination with the analysis of prostate serum 
antigen levels. PSA diagnostic kits are commercially available; for example PROS-CHECK 
PSA, from Yang Laboratories, Inc. Bellevue, Wash.; Hybritech Tandem-E and Hybritech 
Tandem-R, from Hybritech, Inc., La Jolla, Calif.; Abbott Imx PSA Assay, from Abbott Labo- 
ratories, Abbott Park, 111.; and ACS PSA Assay, from Ciba-Coming Diagnostics Corporation, 
East Walpole, Mass. 
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The present invention moreover relates to the diagnosis and/or prognosis of events which are 
disadvantageous to patients or individuals in which important genetic and/or epigenetic pa- 
rameters within the gene DD3 may be used as markers. Said parameters obtained by means of 
the present invention may be compared to another set of genetic and/or epigenetic parameters, 
the differences serving as the basis for a diagnosis and/or prognosis of events which are dis- 
advantageous to patients or individuals. 

Moreover, a subject matter of the present invention is a kit which may be composed, for ex- 
ample, of a bisulfite-containing reagent, a set of primer oligonucleotides containing at least 
two oligonucleotides whose sequences in each case correspond or are complementary to a 18 
base long segment of the base sequences specified in the appendix (Seq ID NO 1 to Seq ID 
NO 5), oligonucleotides and/or PNA-oligomers as well as instructions for carrying out and 
evaluating the described method. In a further preferred embodiment said kit may further com- 
prise standard reagents for performing a CpG position specific methylation analysis wherein 
said analysis comprises one or more of the following techniques: MS-SNuPE, MSP, Methyl 
light, Heavy Methyl, and nucleic acid sequencing. However, a kit along the lines of the pres- 
ent invention can also contain only part of the aforementioned components. 

In the context of the present invention the term "hybridisation" is to be understood as a bond 
of an oligonucleotide to a completely complementary sequence along the lines of the Watson- 
Crick base pairings in the sample DNA, forming a duplex structure. To be understood by 
"stringent hybridisation conditions" are those conditions in which a hybridisation is carried 
out at 60°C in 2.5 x SSC buffer, followed by several washing steps at 37°C in a low buffer 
concentration, and remains stable. 

In the context of the present invention, "genetic parameters" are mutations and polymor- 
phisms of genes and sequences further required for their regulation. To be designated as mu- 
tations are, in particular, insertions, deletions, point mutations, inversions and polymorphisms 
and, particularly preferred, SNPs (single nucleotide polymorphisms). 

In the context of the present invention, "epigenetic parameters" are, in particular, cytosine 
methylations. Further epigenetic parameters include, for example, the acetylation of histones 
which, however, cannot be directly analysed using the described method but which, in turn, 
correlates with the DNA methylation. 
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The use of multiple CpG sites from a diverse "panel" of such sites that are present in the gene 
DD3 in addition allows for a relatively high degree of sensitivity and specificity in compari- 
son to a single CpG site-diagnostic and/or detection tool. Furthermore, the panel as described 
herein may be adapted for use in the analysis of multiple diseases all affected by DD3, such as 
cancer, in particular prostate cancer. 

Although the present invention has been fully described herein, it is to be noted that various 
changes and modifications are apparent to those skilled in the art. Such changes and modifi- 
cations are to be understood as included within the scope of the present invention as defined 
by the appended claims. The invention will now be further described with respect to the fol- 
lowing examples without being limited to these. 

Example 1: Methylation analysis of the DD3 gene promoter region. 

The following example relates to a fragment of the promoter region of the gene DD3 in which 
the methylation status of a specific CG-position is bisulfite treated and analysed using two 
different methods. 

DNA Isolation and Bisulfite Treatment. 

Briefly, genomic DNA was isolated from human prostate cells by standard methods using the 
Qiagen extraction kit. The DNA from each sample was treated using a bisulfite solution (hy- 
drogen sulfite, disulfite) according to the agarose bead method (Olek et al 1996). The treat- 
ment is such that all non methylated cytosines within the sample are converted to thymine, 
conversely 5-methylated cytosines within the sample remain unmodified. After bisulfite 
treatment, the DNA was then analysed either by means of MS SNuPE as described by Gon- 
zalgo and Jones (Nucleic Acids Res. 25:2529-2531) or by means of fluorescent oligonucleo- 
tide hybridisation analysis. 

MsSNuPE reactions. 

PCR amplification of the bisulfite converted DNA was performed using primers specific for 
the CpG islands of interest, and detection was performed using additional specific primers 
(extension probes). 



In the first step, a 560 bp long fragment of the DD3 gene is amplified in a polymerase chain 
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reaction by means of primers: tggttttaattttattgaatgg (Seq. ID No.93) and aaacaaatacaccaccaac- 
tta (Seq. ID No.94). 

The amplificate is then analysed by means of MsSNuPE extension probes located immedi- 
ately 5' of the CpG to be analysed, the sequences being: attggtgttatagagtta (Seq. ID No.95). 

A pair of reactions were set up for each sample using either 2',3- didesoxycytidine triphos- 
phate (ddCTP) or 2 , 5 3 , -didesoxythymidine triphosphate (ddTTP) for single nucleotide exten- 
sion. The terminating triphosphates may be labelled, for example, with two different dyes. 
This makes the elongation products distinguishable from each other. These different labels 
may, for example, be absorbing dyes such as Megaprime™ for ddTTP or Rediprime II™ for 
ddCTP. 

The MsSNuPE extension probes are hybridised to the amplificate. Extension of the primers 
was then carried out by means of a polymerase enzyme. If a methylated cytosine was present, 
the elongation product attggtgttatagagttac is produced whereas the elongation product 
attggtgttatagagttat is produced if a non-methylated cytosine is present at the site to be ana- 
lysed. Thus, different elongation products arise depending on the methylation status of the 
specific cytosine. 

The extended MsSNuPE primers (probes) were then analysed by means of polyacrylamide gel 
electrophoresis. 

Hybridisation analysis 

Subsequent to the bisulfite treatment, the treated DNA sample is diluted with water or an 
aqueous solution. Preferably, the DNA is subsequently desulfonated. The DNA sample is then 
amplified in a polymerase chain reaction, preferably using a heat-resistant DNA polymerase. 
In the present case, cytosines of the gene DD3 are analysed. To this end, a defined fragment 
having a length of 560 bp is amplified with the specific primer oligonucleotides tggtttta- 
attttattgaatgg (Seq. ID No. 93) and aaacaaatacaccaccaactta (Seq. ID No. 94). 

The amplificate serves as a sample which hybridises to an oligonucleotide previously bound 
to a solid phase, forming a duplex structure, for example tgtgttaaacgatgtgaa (Seq. ID No. 32, 
the cytosine to be detected being located at position 139 of the amplificate. The detection of 
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the hybridisation product is based on Cy3 and Cy5 fluorescently labelled primer oligonucleo- 
tides which have been used for the amplification. A hybridisation reaction of the amplified 
DNA with the oligonucleotide takes place only if a methylated cytosine was present at this 
location in the bisulfite-treated DNA. Thus, the methylation status of the specific cytosine to 
be analysed is inferred from the hybridisation product. 

In order to verify the methylation status of the position, a sample of the amplificate is further 
hybridised to another oligonucleotide previously bonded to a solid phase. Said oligonucleo- 
tide is identical to the oligonucleotide previously used to analyse the methylation status of the 
sample, with the exception of the position in question. At the position to be analysed said oli- 
gonucleotide comprises a thymine base as opposed to a cytosine base i.e tgtgttaaatgatgtgaa 
(Seq. ID No. 33). Therefore, the hybridisation reaction only takes place if an unmethylated 
cytosine was present at the position to be analysed. 

Example 2: Identification of the methylation status of a CpG site within Seq ID No. 1. 

A fragment of the upstream region of the gene DD3 (Seq ID No. 1) was PCR amplified using 
primers aagtgagccataacaagcat (Seq. ID No. 96) and CTTTTGTGTCATCCCAGTTC (Seq. ID 
No. 97). The resultant amplificate (170 bp in length) contained an informative CpG at posi- 
tion 62. The amplificate DNA was digested with the restriction endonuclease Hgal, recogni- 
ton site GACGC. Hydrolysis by said endonuclease is blocked by methylation of the CpG at 
position 62 of the amplificate. The digest was used as a control. 

Genomic DNA was isolated from samples using the DNA wizard DNA isolation kit (Pro- 
mega) . Each sample was digested using Hgal according to manufacturer's recommendations 
(New England Biolabs). 

10 ng of each genomic digest was then amplified using PCR primers aagtgagccataacaagcat 
(Seq. ID No. 96) and cttttgtgtcatcccagttc (Seq. ID No. 97). The PCR reactions were per- 
formed using a thermocycler (Eppendorf GmbH) using 10 ng of DNA, 6 pmole of each 
primer, 200 uM of each dNTP, 1.5 mM MgC12 and 1 U of HotstartTaq (Qiagen AG). The 
other conditions were as recommended by the Taq polymerase manufacturer. Using the above 
mentioned primers, gene fragments were amplified by PCR performing a first denaturation 
step for 14 min at 96 °C, followed by 30 - 45 cycles (step 2: 60 sec at 96°C, step 3: 45 sec at 
52 °C , step 4: 75 sec at 72 °C) and a subsequent final elongation of 10 min at 72 °C. The 
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presence of PCR products was analysed by agarose gel electrophoresis. Wherein the position 
in question was methylated, PCR products were detectable after 30 cycles. 
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